repetitive heavy lifting and a history of recurrent episodes of low back pain. Studies of risk factors with low predictive value, such as physical demands of the job related to muscular strength and physical strength related to back injury, reflect conflicting evidence (Battie, 1989; Gates, 1986; Mandell, 1993) .
Lifting
Manual handling and lifting are major causes of low back pain and impairment injuries. These injuries are more likely to occur when workers lift more than physical abilities permit. Workers vary in physical capabilities. However, lifting ability was related more to stresses on the lumbar spine than on any strength limitations in Chaffin's 1976 study (Waters, 1993) . The relationship between back injuries and lifting activity is well documented in the literature. A Bureau of Labor survey showed four of five compensable work injuries were to the lower back, with three of four occurring while the employee was lifting (DeClercq, 1993) .
Anecdotal evidence also shows people in heavy lifting jobs suffer more back injuries, especially when workers repeatedly lift loads over 50 lb (Sandler, 1993) . The National Institute for Occupational Safety and Health (USDHHS, 1981) developed a risk assessment equation to compute a safe weight limit for specific manual lifting jobs. In 1991 the equation was revised to include a larger percentage of lifting tasks and procedures for evaluating two handed asymmetrical lifting tasks, lifting frequencies, and work duration. The purpose is for prevention or reduction of lifting related low back pain and other lifting related musculoskeletal disorders or injuries (Waters, 1993) .
The lifting weight load value represents a target nearly all healthy workers could achieve over an 8 hour working day without an increased risk of low back pain. Lifting is only one cause of work related low back pain. However, researchers found constant heavy lifting, together with static work postures, to be significant factors in the occurrence of a back injury (Bigos, 1992; Fragala, 1994; Gates, 1986; Muir, 1992) . Also, the amount of daily lifting is a predictor of future back injury (Mitchell, 1994) .
Muscular Strength
Several studies indicate workers with insufficient strength, or who are out of shape, are at substantially increased risk of injury over those who meet or exceed job demands (Garrett, 1992; Shults, 1991; Taylor, 1987) . In some studies of muscle fatigue, workers lacked the strength necessary to finish tasks (Gates, 1988) . In other studies, individuals with stiffer backs, that is, those with strong supporting back tissue, are at less risk of having back pain or injury (Bigos, 1992; Patterson, 1986) . Increased fitness is not a conclusive protective factor against muscle fatigue and resulting back pain among industrial workers. This includes individuals engaged in a great variety of less physically demanding tasks, as well as individuals working in physically demanding jobs, such as fire fighters (Battie, 1989) . Chaffin found leg and muscle strength greater than required for the task does appear to be a positive factor in the prevention of back SEPTEMBER 1996, VOL. 44, NO.9 injuries. Measurement of muscle strength is, however, not a good predictor of low back pain or back injury (Battie, 1989; Metzgar, 1995) . Strength testing, despite its limited predictive value, is used as a tool to prevent back injuries by matching an individual's strength to the job task (Bigos, 1992) .
From the research reviewed, a lack of sufficient strength necessary to complete a task may be a risk factor for back injury. However, it is unclear if pre-testing individuals for strength ability results in decreased risk of back injury.
Obesity
Obesity has been examined for its relationship to back injuries. A number of studies found positive relationships between weight and back injury incidence (Fuortes, 1994; Garrett, 1992; Gates, 1988) . However, other studies failed to demonstrate such a relationship (Estlander, 1994) . In a study of nurses, subjects over 200 lb experienced the most disabling back injuries. They also had more lost time from work when compared to nurses weighing less than 200 lb. Poor physical abilities and poor physical condition, or health status, are believed to be the factors in the severity of injuries in nurses over 200 lb. A threshold for weight in relation to the incidence of back injuries may exist (Garrett, 1992) . However, in a study of overweight bus drivers, those who did strenuous exercises had a significantly lower rate ofback injuries compared to those who did not exercise (Patterson, 1986) .
Based on these two studies, weight alone is not the deciding factor for occurrence of back injuries in healthy people. Other factors, such as physical status and amount of exercise, together with weight, influence the occurrence of back injuries. Anthropometric factors (body size and proportions) may affect lifting abilities. However, studies are inconclusive about effect of body size and occurrence of back injuries. Garrett (1992) found body size was not a significant factor related to occurrence of back injuries.
Overall, obesity appears to be a small risk factor for back injuries, even for those who weigh considerably more than their ideal weight. People who exceed their ideal weight and exercise vigorously may be able to avoid back injuries.
Age, Gender, and Employment
Age and gender, rather than length of employment, appear to be of greater significance as risk factors for back injury. Although one study (Fuortes, 1994) found gender was not a factor, several studies found that risk of back injuries varies greatly within age and gender groups (Abenhaim, 1988; Bigos, 1992; Cato, 1989; Garrett, 1992; Giad, 1989; Johns, 1994) . Some studies found both age and sex have a direct influence on susceptibility to low back pain relative to the difference in flexibility, strength, and lifting abilities (Bigos, 1992; Garrett, 1992; Giad, 1989; Johns, 1994) . One study found the average woman has about 65% of the lifting strength of the average man (Jackson, 1991) . Another study found women appear to have a higher degree of back flexibility than men; therefore, women are at increased risk of having a first episode of back injury (Bigos, 1992) . However, not all workers of the same sex have the same muscular strength and lifting ability (Johns, 1994) . Several studies found the highest rate of back injury occurs in the 35 to 45 year age group (Abenhaim, 1988; Taylor, 1987) .
It is possible younger employees are at greatest risk of back injury due to a belief that one can lift beyond one's physical capabilities, in addition to lack of on the job experience (Giad, 1989) . For older workers, the healthy worker effect appears to explain the occurrence of fewer back injury incidences for individuals in the over 45 year age group.
Occupations requiring repetitive lifting and turning of heavy objects, as well as those requiring long periods of sitting or driving, place workers at risk for back injuries. The type of physical activity required in a particular workplace influences the type of back pain workers are likely to suffer. For example, work environments associated with less physically strenuous work tasks have lower ratios of severe to sporadic back pain, while those with more strenuous tasks have higher rates of chronic rather than sporadic back pain (Giad, 1989) .
BACK BELTS

Description and Use
Back belts are used for prevention and therapeutic purposes. When used in the general population to protect the back from injury, they are known by several names such as weight lifting devices, supports, and abdominal belts (NIOSH, 1994a) . The term back belt is also used to refer to therapeutic devices used by persons with a back injury and include spinal braces, supports, corsets, and orthoses (NIOSH, 1994a) . Back supports or abdominal belts are worn for prevention by workers, including truck drivers, grocery store clerks, warehouse workers, and baggage handlers. The devices were initially used in health care settings to provide additional back support during rehabilitation of injures and to give people a feeling of control over pain. In recent years, wearing belts at work has increased to the extent that there are now over 70 types of industrial belts.
The typical back belt is intended to provide abdominal support for workers during the performance of manual handling lifts. Belts are made of light weight synthetic material or leather. Weight lifters tend to wear the heavier leather belt that provides more back support than the industrial type belt. Belts made for industrial use are usually designed of light weight, synthetic materials that may have several elasticized layers within the fabric. Some back belts have pouches in which to insert air bladders that can be pumped up to vary the pressure on the abdominal wall. Most belts are worn around the lower back. They are sometimes held in place by suspenders and hook and loop fasteners, while others are fuller harnessed and go over the shoulders (Sandler, 1993) . Back belts are available in a range of sizes and also in a one size fits all variety. They also may include adapters and additional lumbar pieces for individuals with a large lordotic curve in the lower back. Both leather and synthetic belts require proper individual-440 ized fit to provide maximum back support. Management may opt for the one size fits all belt because custom fitting takes more time than a belt applied by the worker. These belts may not provide sufficient spinal stability for those who require more back support, however.
Back belts are believed to function by reducing spinal compressive forces and bending motions through increasing intra-abdominal pressure and limiting the spinal range of motion to provide support for spinal tissues, and to act as a reminder to lift properly (NIOSH, 1994a) . Further research is needed to definitively determine how back belts function to prevent back injuries.
Spinal Forces
Three types of forces appear to act on back tissue to increase spinal loading: compression, shear or force of gravity, and torsional force. These are thought to be the cause of spinal fractures, disk herniation and nerve root irritation (Stubbs, 1991; Waters, 1993) . Spinal forces cause the loading of spinal tissue by placing the musculoskeletal structures of the back under strain, thereby increasing the work of the supporting structures, such as muscles or ligaments. Contracting muscles also can cause the vertebral disk to compress so the space between the disks is minimized, resulting in pain from irritated nerves.
To prevent spinal overloading, the International Labor Organization recommends the following maximum loads for healthy men according to age categories: men age 20 to 35 years, 55.1Ib; 35 to 50 years, 46.3 lb; and more than 50 years, 35.3 lb (Johns, 1994) . Lighter loads decrease the amount of force required for the lift. The force required to cause spinal damage varies directly with the amount of tissue damage. As the force increases, so does the damage. According to Chaffin's model, the body responds to lifting a heavy load by contracting the back extensor erector spinae muscles, and at the same time, increasing pressure within the abdomen by contracting the abdominal muscles (Waters, 1993) . Together, these muscular efforts are thought to decrease the spinal load and relieve spinal muscle fatigue.
Intra-abdominal Pressure
Back belts reportedly act on the abdominal muscles to increase the hydraulic pressure that acts as a counterbalance to the compressive forces applied downward on the spine (McGill, 1993) . Conflicting opinions exist about how this happens. Bartelink (1957) hypothesized back belts exert a force against the diaphragm and thoracic spine to decrease the load by transferring it to the oblique abdominal muscles (Walsh, 1990) . In addition, belt wearing results in increasing the intra-abdominal pressure, while decreasing the compressive forces on the lumbar spine resulting from unanticipated jolts or lifts with high acceleration components, i.e, jolts occurring from unanticipated lifts or in driving activities (McGill, 1993) . Reduction of compressive forces is thought to protect the lumbar spine. However, one study found intraabdominal pressure to have an adverse effect on the cardiovascular system by increasing the pulse rate and blood pressure (Hunter, 1989) . Cardiovascular disease is insid-ious. People with cardiac disease may unknowingly place themselves at risk when using back belts. These individuals are advised to refrain from using back belts until cardiac status is known (McGill, 1993) .
In general, increased intra-abdominal pressure is thought to be protective of the lumbar spinal structures. However, the negative effects on the cardiovascular system are cause for concern. Research is required to further define the physiological effects of intra-abdominal pressure.
Bending and Twisting
Back belts are intended to assist with the lifting of loads near the floor by restricting lateral movement in the upper body, and by limiting bending and twisting. The literature is clear about the issue of twisting. Several studies indicate twisting or trunk rotation is strongly related to low back pain and causes an increased load on the spine (Fuortes, 1994; Gates, 1986; Masset, 1993) . Twisting also increases intra-diskal pressure, causing tissue damage that results from micro-tears which impair the nutritional status of the intervertebral disc and associated structures.
Lumbar stress also is increased from lifting loads near the floor, resulting in a large percentage of low back injuries (NIOSH, 1994a) . Due to the effect of gravity, lifts near the floor require significantly more energy than lifts from greater heights (Garg, 1995) . Some forward flexion of the body occurs with the use of back belts. Flexion causes the abdominal muscles to contract and press against the belt which, in turn, provides some measure of load relief to the lumbar spine.
In addition, back belts seem to act as a reminder to use the large muscles of the thigh, instead of the back muscles, to accomplish a lift. The ability of the back belt to act as a mental cue to correct lifting may diminish over time. In fact, people may actually be encouraged to lift heavier loads. Anecdotal evidence seems to indicate individuals wearing back belts tend to lift heavier loads with the belts on than when off (Donajkowski, 1993) . Some estimates are back belt users tend to lift up to 19% more weight with the belt on than without the belt (Sandler, 1993) . If workers do lift heavier loads while wearing back belts, any benefit derived from back belt support may be negated by back stress caused from the increased load.
NIOSH WORK GROUP REPORT
The 1994 Work Group on back belts examined the most recent peer reviewed, published literature related to back belt types to determine if they reduce the biomechanicalloading of the trunk during manual lifting. The group examined 21 studies in four main areas:
• Biomechanics. • Physiologies.
• Psychophysics.
• Epidemiologies, The Work Group noted a variety of studies have measured physiologic and biologic parameters to determine the effect of back belts on spinal loading. These included measures such as intra-abdominal and intradiskal pressure, electromyographic activity of the abdominal trunk muscles, anthropometry, and body kine- SEPTEMBER 1996, VOL. 44, NO.9 matics. Kinematics is the study of objects in motion without reference to the forces causing the motion.
The Work Group noted that the assumptions underlying the relationship between spinal loading and measurable physiological and biomechanical parameters may not be valid when a back belt is worn. This is due to the presence of the back belt itself. It is possible some unknown mechanical effects may alter the relationship between the intra-abdominal pressure and spinal compression. In addition, the basic assumption that intraabdominal pressure results in a decrease in spinal compression requires further research to verify the relationship and accuracy of predicted changes in spinal loading.
However, verification of predicted spinal load changes on spinal disks may not be possible because of ethical considerations in the measurement of intra-diskal pressure. Few studies on cadavers have addressed the issue of intra-diskal pressure. Further study on the way back belts work is required. Different mechanisms and characteristics and the way they are worn may all affect the magnitude of spinal loading.
Biomechanical Studies
Studies about spinal loading and its effect on intraabdominal pressure and muscular activity are inconclusive due to research design limitations. Limitations include:
• Small samples of 10 subjects or less.
• Use of non-industrial type belts, such as leather weight lifting belts or therapeutic orthoses. • Performance of only one action, rather than sev eral, as is usual in the workplace. • Requirement to lift weights greater than the 50 lb limit as recommended in the NIOSH Lifting Guide. Research results were based on circumstances not typically found in the workplace.
Studies based on the assumption that back belts limited the range of motion and the torque force on the muscles of the spine did not definitively indicate a reduced loading of spinal structures as a result of a decreased muscle requirement. In addition, Grew found by restricting the spinal range of motion, muscle requirement needed to overcome back belt resistance increased, thereby increasing spinal loading (NIOSH, 1994a) .
Physiological Studies
These studies were based on the possible protective effect exerted by intra-abdominal pressure and electromyographic muscle activity. Intra-abdominal pressure and its action on decreasing spinal forces has not been validated. Some studies support the idea that restricting motion and also increasing intra-abdominal pressure, such as through the use of back belts, may be more important in reducing spinal load and muscle fatigue than the hypothesized support of abdominal muscles alone (Walsh, 1990) . McGill (1987) found increased intra-abdominal pressure from the use of back belts results in increased, rather than decreased spinal load. However, the effects of increased intra-abdominal pressure and spinal loading require further research. Electromyographic studies indi-cate back belts do not decrease the work of the back muscles during lifting activities (NIOSH, 1994) .
Psychological Studies
Only a limited number of psychological studies have been done to assess the perception by back belt users of an acceptable lifting load with back belts or discomfort experienced while lifting without back belts. Some research suggests a perception of the benefit and/or a false sense of confidence when using back belts results in injury. Other researchers found back belts served as mental reminders to workers to avoid bending the back to the side or twisting when attempting a lift. However, little scientific evidence supports such claims (McGill, 1993) . Possibly, subjects realized they were being watched. Consequently, results were confounded due to the Hawthorne effect. Nevertheless, it is believed back belts may foster an increased sense of security on the part of workers that may not be warranted or substantiated. Further research is needed to explore this issue more fully.
Epidemiologic Studies
In general, existing epidemiologic studies about back belts reviewed by the NIOSH Work Group experienced low participation rates, inadequate observation periods, inclusion of individuals with previous back injuries, and recall and reporting biases. A 6 year retrospective study of back injuries and the protective effects of back belt use found weak support for back belts as a predictor of injury (Mitchell, 1994) . The study did find history of previous back problems and the amount of weight lifted daily were predictors of back injury (Mitchell, 1994) . Self reporting of exposure to heavy lifting and injury data may have introduced recall bias. In addition, the study was not validated by objective data about exposure to lifting tasks and recorded injuries.
Prospective studies reviewed by NIOSH about back belts and training had short observation periods of 8 and 6 months. One study found that neither the use of belts nor back care training prevented the occurrence of initial back injury (Reddell, 1992) . However, Walsh (1990) found training plus back belt use had a positive effect on reducing lost time rates of individuals previously injured.
Three studies demonstrated the effects of discontinuing the use of back belts. Reddell (1992) found workers who discontinued back belt use experienced higher injury rates than either the controls or workers who continued use. However, the study had limitations including small sample size, inclusion of previously injured workers, possible recall biases related to self reported injury rates, and a limited study period. The limitations undermine the results and leave them open to interpretation. Holmstrom (1992) and McGill (1990) found benefits of wearing a back belt on the abdominal muscles were none to slight improvement. This indicates the benefit of load transfer to abdominal muscles, rather than to the back, is unlikely to occur.
Based on the 1994 NIOSH Work Group report on the use of back belts, the results from epidemiologic studies to date are inconclusive due to design limitations and small sample sizes (NIOSH, 1994a) . Some evidence supports the use of back belts for individuals with previous back injury. However, protective effects of back belts are weakly supported. Conversely, back belts may even be harmful for individuals without previous back injury or for workers using back belts over the long term. At present, NIOSH is not convinced back belts alone, or as part of a comprehensive program, are effective in preventing back injuries.
DISCUSSION
Much remains unknown about the basic etiology and natural history of back injuries. More research is needed to identify factors with high predictive values for back injuries. The question of whether back belts can be used successfully to prevent back injuries requires more study of workers in typical work locations with appropriate industrial type belts. Also, by testing the belts under working conditions, it may be possible to determine if workplace use presents unknown health hazards resulting from continuous wearing throughout an 8 hour day.
Although some researchers believe back belts are not primary back injury prevention tools, belts may be useful in treating back injuries (Lund, 1994) . When back belt orthoses are used by injured workers, recovery should be monitored so belt use is terminated when no longer needed for back support. Back belts do restrict spinal range of motion and act as a splint for the back. This may be especially helpful to those who are already injured. However, the benefit of back belts for injury prevention remains unknown. If back belts are used by the healthy worker, they are used conservatively over a short period of time. Additionally, they are used only as part of a total back injury prevention package including ergonomics, education, and behavioral modification.
Based on the studies reviewed by NIOSH, the decision to use back belts should be voluntary by both employers and employee. In addition, further research is needed to definitively determine the effects of back belt use in the workplace. In the meantime, neither workers nor employers can assume back belts afford protection against back injury. Employers should not expect an improvement in absenteeism or injury rates.
The occupational health nurse needs to participate in back belt use research studies in the workplace. Nurses also can contribute to data collection regarding psychological benefits of back belts. Such studies will help to determine whether the benefits are an important factor contributing to reasons workers need and use belts. Occupational health nurses can educate workers about how to wear back belts, as well as address worker concerns about anticipated benefits of belt use. In addition to modified work and job rotation, strategies other than the use of back belts need to be developed to meet needs of both worker and workplace for prevention of back injuries. This is especially important, as the literature reviewed for this discussion is not definitive about the effectiveness of back belts for back injury prevention.
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